Abstract: The aim of this paper is to investigate the possibility of applying renewable energy strategies in Kurdistan Region
Introduction
The renewable energy became the main source in producing electricity in many developed and developing countries. Its usage is increasing and recently a large amount of investment has been made to enable the countries to produce renewable energy more cost effectively. There are eighteen countries that produce more than half of their electric power needs from renewable energy. Norway, Iceland New Zealand, Canada, and Brazil are among those countries (Meisen and Garzke, 2008) . Renewable energy can provide our planet by low carbon emission power and cost effective energy Economic progress and countries development related with the demand for energy. In the last few years, energy demands have increased. Despite the area of Kurdistan is rich in oil, it has experienced energy shortages from the beginning of oil explore in the region until today.
Kurdistan Region of Iraq faces power blackouts reaches more than half of the day in some seasons because the shortage in producing enough electricity. The economic crisis and political conflicts between Kurdistan and the central government in Baghdad magnified the problem. That made the investments in power sector which mainly depended on producing power through noneconventional resources came to an abrupt halt in 2014. The paper assign questions of; 1) how much renewable energy could be a remedy in solving the problems of Kurdistan in energy shortage. 2) Which technology of renewable energy is effective to solve power shortage problem? The aim of the study is the possibility of applying renewable energy strategies in Kurdistan Region of Iraq in order to overcome the shortage of electricity supply.
The paper tries to identify the potential of Kurdistan region to use the renewable energy to overcome the shortage of energy which it faces a long time back. The study attempts to evaluate the use of renewable energy in Kurdistan region as an alternative to fossil fuel based on its geographical location and its climate. The paper hypothesizes that if the renewable energy applied as alternative or co-source to produce energy, then KRG (Kurdistan region government) can improve the power condition in Kurdistan region. Until now we have no papers investigationg this topic.
Renewable Energy
"Renewable energy" is the energy that flows through the environment in a natural way. There are many sources of these energy flows such as solar radiation incident on the earth's surface. Direct solar radiation is naturally the main cause for a number of other energy flows as; wind energy results from thermal inclination or variation across the earth's surface due to radiation incidence; wave energy results from the effects of winds on the oceans; and biomass energy, which is the chemical energy concealed in living organisms like a plants produces through photosynthesis process.
Part of Solar radiation also is converted to latent heat which results in potential energy embedded in the hydrological cycle. There are many other sources of energy flows apart of solar radiation and related to the gravitational force between earth and the moon, which known by tidal power. Geothermal energy comes from the heat of the earth core. The paper will focus on two types of these renewable energy sources which are solar power and wind power as strategies to be applied, because of their obvious presence in Kurdistan region climate.
Solar Power
Solar energy is the most obtainable permanent energy resource on earth and it has two forms; direct (solar radiation) and indirect (wind, biomass, hydro, ocean etc.) . This paper will be limited to the direct use of solar radiation and focus on Solar Photovoltaic (PV) technology to produce the energy. The direct solar resource is massive. Solar radiation is absorbed on earth at an average rate of 120,000 TW (1 TW = 1 terawatt = 1x1012 watts) (Lewis, 2007, P.816 ). However, this resource reaches the earth relatively as diffuse flow because of very fine drops of rain and microscopic fog or mist (Georgescu-Roegen, 1975) .
The solar photovoltaic system is technology to convert light of sun directly into electricity using the effect of photoelectric, which through that, light causes matter to emit electrons. Many researchers have been investigated the advantages of solar power for residential, commercial and industrial consumption last twenty years.
Japan and Germany were the pioneers to use large-scale electricity generation by solar photovoltaic (PV) in last decade of the twentieth century. Both countries were leaders in the production of solar power technologies. Recently, China has developed wide solar power capacity taking the benefit of the cheap labor and government subsidies, which led to decrease the cost of solar power generation. The advantages of Solar Photovoltaic technology environmentally and economically are obvious. Reduction of fossil fuel usages like Coal, Petrol, and Natural gas to generate a power, will reduce CO2 emission and reduce global warming effects.
Nowadays, the cost of power generation cost has been significantly reduced by using conventional solar PV technologies, because of the development, and increase in efficiency, of solar power technologies. For example in USA the cost of power reduced because of using PV panel to generate electricity. On the other hand, there are also disadvantages of solar technologies, through degradation of the lands, affecting the aesthetic value in the buildings using this technology, and chemical effects of their material, etc. (Abolhosseini, et al., 2014) . The efficiency of (PV) panel system is between 15% and 20% commercially (Kazem, et al., 2014, p.735) .
Wind Power
The wind is the world's fastest-growing electricity sources. Its energy is a gathered kinetic energy of all of the molecules. The flow of the wind against the wind blades creates a rotational movement which can be used either to generate electricity. The wind turbines, which are using for generating electricity, have two or three blades fixed on a horizontal axis, generating power according to the wind speed. In 1996, the power of wind capacity reached 6,000 MW. More than 3000MW of this capacity was in Europe and much of the remaining in USA. Germany jumped giant leaps in this field. In 1994, it had installed capacity around 632 MW. With the beginning of 1998, the installed capacity in Germany had reached 2,079 MW. Performance in this field continues to develop, and costs continue to fall. Researchers estimated that the global market for wind energy will be reaching $133 billion by 2020 (Jackson, 2007) .
Kurdistan Region Of Iraq
The Kurdistan Region is located South-West of Asia and North-East of Iraq. The region has borders with Turkey from the north, Syria from the west, Iran from the east, and rest part of Iraq from the south. It is consist of three governorates; Erbil (Hawler), the capital of the region, Sulaymani, the Cultural capital, and Duhok. The region located within the Federal Republic of Iraq according to Iraqi Constitution, Article 62. The area of the region is 42,812 Km2 without the disputed area like Kirkuk, Khanaqin, and Shangar. The total area with these disputed areas is around 73,618 km2, which represents almost 17% of the total area of the Republic of Iraq. Kurdistan region located between longitudes 42°25' E, and 46°15' E, and between latitudes 34°42' N and 37°22' N. The area of the three governorates; Sulaymani , Erbil, and Duhok are 17,023 Km2, 15,074 Km2, and 11,715 Km2, respectively (Rashid, 2014) .
Power generation existing scenario in the Region
The demands on power in Kurdistan region has been increased dramatically within last decade. A total power demand in the Region based on official data in 2004 was 829 MW (Megawatt). Whereas, increased to reach 3279 MW in 2012. Means the demands on the power increased approximately 4 times over less than a decade from 2004 until 2012 (Ali, et al., 2015) . The production of power in Kurdistan region has been also increased during last decade The data shows that there is a shortage in power supply by 579 MW in 2012, which means almost 82% of the total power demands are provided by the government. The demands increased more nowadays, especially after the tremendous displacement of people from other parts of Iraq to the region, since 2014 because of the fights against ISIS. KRG (Kurdistan Region Government could supply electricity between 12 to 19 hour per day and this number changes to more or less according to the seasons and demands. The remaining hours will be provided through private generators.
Figure 1. The Production of Electricity in Kurdistan Region of Iraq
Source: (KRG, 2013) According to the ministry of Planning in Kurdistan region of Iraq, 5 Billion US$ 'Five Billion American dollars' are required to overcome the shortage of the electricity in the region until 2020.
The power generation in Kurdistan region mainly depends on natural gas and hydropower generation from the dams of 'Darbandekhan' and 'Dukan' by design capacity of 650 MW which sometimes reduced their capacity to 186MW and 146 MW and in 2006 , respectively (The Kurdistan region, 2009 ). The region receives electricity from adjacent countries like Iran and Turkey. But the region Government has their vision to explore the potential of using the renewable energy sources. According to the vision of government, renewable energy may be costly as the initial cost of building plants that use them, so the steps forward renewable energy generation technology should be careful to proceed. Although the advantages of this technology for our environment, but they also must evaluate financially (Ministry of Planning-KRG, 2013).
Renewable energy in Kurdistan Region
Kurdistan geographical position on earth globe gave it well situation regarding solar energy potential. The region located between 34° 42' N and 37° 22' N latitudes, which is highly abundant in solar energy irradiation region (Saeed and Qadir, 2010) . Solar energy potential for the region can be evaluated by annual solar radiation as the average for Kurdistan region is 6318.83 MJ/ m2 / year and equal to1755.23 kWh/m²/year, which is '4.81 kWh/m²/day' (AbdulWahid, et al., 2010) . Such average rate of the solar energy is encouraging for establishing a grid connected (PV) system to reduce the electricity shortage problems. Regarding wind source in Kurdistan region, the climatic data in the region indicate that in winter, Kurdistan influenced by Mediterranean cyclones which move east to northeast over the region. The Arabian Sea cyclones move northward passing over the Persian Gulf creating great humidity affecting Kurdistan region by recognizable amounts of precipitation. Occasionally, European winter cyclones move eastward to the southeast part of Turkey and over the mountainous region of Kurdistan, bringing substantial amounts of rain and snow. In summer, Kurdistan region influenced by Mediterranean anticyclones and subtropical high-pressure belts and center. The subtropical high-pressure centers that move from north to east and west to north above the Arabian Peninsula bringing dusty wind to the region. The daily temperature can drop to -10º C in the cold season, and in the hot season the higher daily temperature could hit upper than 50∘ C, (Saeed, 2012) . These effects let the region face a big amount of the wind that gives the region the potential in using the wind to generate power.
Methods And Materials
The methodology employed in this paper applied a qualitative study performed by a literature review on the several credible types of researches. The paper tried to select the studies which carried out about the renewable energy in different places inside Kurdistan region to get a more comprehensive understanding of the subject. The main aim of this research is to assess the potential of renewable energy to overcome power shortage in Kurdistan region. Evaluate the effect of involvement in the renewable energy on the region problems nowadays. The region faces a shortage in the power production, financial crisis, and environmental challenges. We will limit the study on direct solar system category, and focus on solar Photovoltaic (PV) and wind power technology through the literature and empirical tests in these two specific fields. Then we will extract indicators of the judgments about the usability of these two systems to solve the region problems through review the literature results. To reach proper findings, we quantify the outcomes in three directions; power generation availability, financial consideration, and environmental impact.
Solar Photovoltaic technology potential in Kurdistan Region
Recently, some researches and studies of solar energy and its aspects in the Kurdistan region of Iraq have been carried out. Data was obtained from Erbil city from solar radiation database "PVGIS-CMSAF" 4. The results were demonstrating that the potential of Photovoltaic panel's technology to produce electricity are different according to the time within a day and the period within a year. (See table 1), .
The power output in Erbil area according to the table shows that the average rate of power output along the year is '0.79 kWh/m2'. Another study has been carried out in 'Koya' city to investigate the potential of PV system to produce power for a 200 kW the results demonstrated that the total output is equal to '0.3 kWh/ m2' and the total area covered by PV panels equal to 1400 square meter. Photo-Voltage Geographical Information System (PVGIS) software for this work has been simulated to evaluate the irradiation rate, optimal inclination, and assess the average obtained energy . The system of PV panels to produce 200 kW costs with maintenance and operation US$ 326,340 (Dr. . A recent study in 'Sulaymani' investigated CO2 emission reduction through using Solar Photovoltaic (PV) project to supply 315 kW project. The study made a comparison between the emission of CO2 from electricity produced by PV Panels and others which produced by fossil fuel. The study showed that the average values for the CO2 emissions for (PV) gives 0.105kg CO2/KWh in time Coal gives 0.909 kg CO2 /kWh . These values can be considered to estimate and the reduction in CO2 emissions through using PV to produce electricity compared with other systems, which apply the fossil fuel to produce the electricity. 
Wind Power technology potential in Kurdistan Region
Many studies have been carried out in the field of wind power generation in Kurdistan region. One of the studies selected several stations to be investigated and show the proper wind speed duration per year to produce power by mean of wind. The results have been shown that several of the places in Kurdistan region have a good wind potential. The highest speed of the wind founded in 'Chamchamal' area and it fluctuated between 13.66m/s (meter per second) in August and 6.50m/s in February. Also the average output power in this area per square meter registered more than 1 kWh/m2 for 9 months, (see table 2 ). The method that applied in this study was carrying out a simulation by the code HOMER, which is a computer model, developed by the National Renewable Energy Laboratory from the U.S. Department of Energy that helps to evaluate design options for both grid and off-gridconnected power systems (Husami, 2007) . The study results are promising in the field of wind power in the region. Source: (Husami, 2007) One of other researches has been carried out in Kurdistan region to evaluate to identify any potential barriers to wind farm development and assess the capacity for large-scale wind projects. 'ArcGIS' 5 software has been applied for this purpose, in order to determine ultimate areas for wind projects based on several factors, such as; close to an electrical grid connection and availability of service roads to transport large turbines equipment. The research tried to suggest areas within 30 km of a 132 kV substation or power stations. Several places have been identified and suggested for wind power development in Kurdistan region. The proposed places have been identified by two systems, the geographical coordinates system 'Longitude or Easting & Latitude or Northing', and by global system 'UTM'6 , (see table 3), (Esmael, et al., 2013) .
'Garmyan' zone which located in the south of at Kurdistan region has been investigated for wind power generation. The places like (Kirkuk, Kalar, Khanaqin, and Touz Khormato) have been examined. The study has been chosen the level of 10 meter and 50 meters above the ground for this test. The annual wind energy densities were weak for (Kirkuk, Kalar, Khanaqin, and Touz Khormato) at the level of 10 meters, and 292.32, 696.87, 695.39, and 671.93 KW/year/m2 at the level of 50m, respectively. The results showed that the wind powers in this zone are small for grid-connected power system purposes. Wind power can be applied only for agricultural application such as power generation for well water pumps until 100-meter depth using windmills, especially in the summer and spring because the higher wind speed recorded (Ibrahim and Saeed, 2010) . Source: (Esmael, et al., 2013) .
The average size of grid-connected wind turbines is around 1.16 MW and between 2 to 3 MW in new projects and even larger are available, as 'REPower's' 5 MW wind turbine. To group wind turbines together, they are referred to as "wind farms". Wind farms consist of the turbines themselves, plus roads for site access, buildings, and the grid-connection point. Typically onshore wind farms range between USD 1 800/kW and USD 2 200/kW in major markets. However, wind farms were cost as low as USD 1 300 to USD 1 400/kW in China and Denmark, (International Renewable Energy Agency, 2012). Environmentally and according to IEA's (International Energy Agency) they estimates the emission of CO2 by 0.015kg/kWh as an average value from wind generation, (Thomas and Harrison, 2015).
Discussion And Findings
According to the literature review, the needs of power in Kurdistan region is 3279 MW, and the actual availability of power from several sources are 2700MW. Hence, the shortage is around 579 MW, and this data dates back to the end of 2012, means today the actual needs are more than this number. But the paper will deal with this number as a credible published data, in the same time the solutions are flexible and applicable with the same rhythm for a bigger shortage in the future. Theoretical analysis of the recent studies about Photovoltaic Panels (PV) potential in Kurdistan region demonstrates that the potential of this system is applicable and promising in several areas inside the region. The average rate of power output along the year in some places recorded by '0.30 kWh/m2' and in even more in specific places, to reach '0.79 kWh/m2' and the efficiency of the system is between 15-19%. The cost of PV project to generate 200kW of power estimated by 326, 340 US$, which means 1,631.7 US$ per kW as initial cost plus the maintenance. The studies demonstrated also that each one kW needs to cover 7square meter land. Hence, the total cost to overcome the shortage of electricity in the region by using PV panels will be around 944,754,300 US$, and the total lands need to be covered are 4,030,000 square meter which is almost 4.03 square Kilometer. The average values for the CO2 emissions for (PV) gives 0.105kg CO2/KWh in time Coal gives 0.909 kg CO2 /kWh and natural gas gives. The paper will compare carbon dioxide emission per 1 kWh of electricity generation by this system with the generated by natural gas, considering natural gas as the main source to generate electricity in Kurdistan region. Natural gas powered electricity generation has CO2 emission almost half that of coal 0.5 Kg/kWh (Parliamentary Office of Science and Technology, 2006) . The carbon footprint of PV technology for electricity production is only 21% of the power footprint of natural gas to generate electricity, which indicates an advantage environmentally. (See table 4 ). Source: Author.
The findings demonstrate that the average power output in some places in Kurdistan region recorded more than 1 kWh/m2 for 9 months, except December, February, and April. Many places in Kurdistan according to recent researches identified as optimum places for wind farm projects. Based on software analysis, their climatic potential and their accessibility to main roads and electrical national grid elucidated the potential of those places. Thus, the results are encouraging for grid connected system wind power technology to overcome the shortage of electricity in the region. The literature review determined that the south part of Kurdistan region in Iraq which calls 'Garmian' zone is not very stimulating. The findings illustrated that the climatic characteristic for the zone is not hopeful for the grid-connected power system. It could be useful only for small-scale power generation for agricultural purposes to supply power generation for wells water pumps with100 meter depth or some limited uses through windmills.
The studies encourage the 10meter to 50-meter height above the ground for better results. CO2 emission for 1 kWh/m2 power generation by this technology is between 0.012-0.015 Kg/kWh. Hence, 2 MW or 3 MW power productions or even 5 MW wind turbine can be implemented in Kurdistan region. The 2 MW turbines will be suggested in this region, seeking easier and more practical solutions to avoid construction and technological obstacles. The initial (establishing) cost of 1 KW wind turbine is between 1800US$ to 2200US$, according to the as reviewed in Literature. The study will suppose 2000US$ per 1 KW as average. Thus, the total cost to overcome the shortage of electricity in the region will be 1,158,000,000 US$. This cost includes establishing wind turbines farms, service roads, grid connections and site buildings. A number of the Turbines will be '290' wind turbines and carbon dioxide emission for electricity generation by wind power will be only 3% from CO2 emission of the electricity generation by using natural gas. (See table 5 ). Source: Author
According to the ministry of planning in Kurdistan region, the region needs 5,000,000,000US$ to overcome the problem. The paper came out with the results that illustrate the initial cost to solve the problem through renewable energy costs 1,158,000,000US$ which is almost 20% of expected budget. Renewable energy system gives 97% to 79% reduction in CO2 emission through using PV Panel's or Wind power technology alternatively, compared with using natural gas as the power to generate electricity. The significant reduction of carbon footprint improves global climate. Hence, the international financial support to such projects will be helpful to reduce the global warming.
Mixing both of the systems will fortify the system in order to depend on more than one renewable resource to generate electricity.
Conclusion
Theoretical analyses for several studies and researches have been approached. The results showed that Kurdistan region has a good potential to apply renewable energy strategies to generate the electricity. The potential fluctuated from place to place according to the micro-climatic characteristic. Also, it changes based on the season and even within one day. The paper ends with that both renewable energy systems, photovoltaic and wind power technologies are possible to be conducted in the region to overcome power shortage. The initial cost is relatively high and approximately same for both systems, but it is almost one over five from the expected budget determined by Kurdistan region government to solve this problem.
These types of projects will be cheaper when the payback period for 20 to 25 years be calculated as supposed life for these projects. That indicates they are more economic than other types of solutions. Suggested renewable energy strategies to generate electricity will have a positive impact on the environment. Reduction in carbon footprint occurs by more than 93% in wind power technology and 79% for solar photovoltaic system compared with using natural gas as the power to generate electricity. Consequently, it will improve the global environment, which it is deserved to be supported by other countries financially. Involve both technologies to overcome the shortage of electricity in the region will be a more responsible decision in order to diversify the resources.
The study opens the door for researchers to conduct the potential of other renewable energy sources in Kurdistan region of Iraq, as an alternative or cooperative solution for power shortage.
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